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AFP

:   α‐fetoprotein

BCLC

:   Barcelona Clinic Liver Cancer

CI

:   confidence interval

DCB

:   durable clinical benefit

DCR

:   disease control rate

ECOG

:   Eastern Cooperative Oncology Group

FDA

:   U.S. Food and Drug Administration

HCC

:   hepatocellular carcinoma

HR

:   hazard ratio

IPTW

:   inverse probability of treatment weighting

IQR

:   interquartile range

mRECIST

:   modified Response Evaluation Criteria in Solid Tumors

ORR

:   objective response rate

OS

:   overall survival

PD‐1

:   programmed cell death protein‐1

PD‐L1

:   programmed death‐ligand 1

PFS

:   progression‐free survival

PS

:   propensity score

PIVKA‐II

:   protein induced by vitamin K absence or antagonist‐II

TTP

:   time to progression

Hepatocellular carcinoma (HCC) is the most common type of liver cancer and the second most common cause of cancer deaths in Korea and worldwide, leading to nearly 745,000 deaths each year.^(^ [^1^](#hep41523-bib-0001){ref-type="ref"}, [^2^](#hep41523-bib-0002){ref-type="ref"} ^)^ Despite regular HCC surveillance in at‐risk populations, many patients are newly diagnosed with advanced‐stage disease, limiting the feasibility of locoregional therapy, such as surgical resection, ablation, or transarterial chemoembolization.^(^ [^3^](#hep41523-bib-0003){ref-type="ref"}, [^4^](#hep41523-bib-0004){ref-type="ref"} ^)^ Systemic treatment is therefore the only feasible therapeutic option in patients unsuitable for locoregional treatment. Sorafenib, an oral multikinase inhibitor, has been the standard of care since 2007 when a phase III study of sorafenib in patients with advanced hepatocellular carcioma (SHARP trial) demonstrated that median overall survival (OS) was significantly longer in the sorafenib than in the placebo group (10.7 months vs. 7.9 months; hazard ratio \[HR\], 0.69; *P *\< 0.001). These results were validated in a trial in the Asia‐Pacific region.^(^ [^5^](#hep41523-bib-0005){ref-type="ref"}, [^6^](#hep41523-bib-0006){ref-type="ref"} ^)^ Lenvatinib, a new oral multikinase inhibitor, was found to be noninferior to sorafenib in median OS and has become another first‐line therapeutic option for patients with HCC.^(^ [^7^](#hep41523-bib-0007){ref-type="ref"} ^)^

Two second‐line agents, regorafenib and nivolumab, have been approved by the U.S. Food and Drug Administration (FDA) for the treatment of HCC. Regorafenib, an oral multikinase inhibitor that blocks angiogenesis, oncogenesis, metastasis, and tumor immunity,^(^ [^8^](#hep41523-bib-0008){ref-type="ref"}, [^9^](#hep41523-bib-0009){ref-type="ref"} ^)^ was shown to significantly improve OS in the second‐line setting following sorafenib and was approved by the FDA in April 2017 for second‐line treatment of patients with HCC.^(^ [^10^](#hep41523-bib-0010){ref-type="ref"} ^)^ Nivolumab, a programmed cell death protein‐1 (PD‐1) inhibitor that showed durable responses and enhanced long‐term survival after sorafenib failure, was approved by the FDA as a second‐line treatment for HCC in September 2017.^(^ [^11^](#hep41523-bib-0011){ref-type="ref"} ^)^ To our knowledge, however, no studies have compared the effectiveness of regorafenib and nivolumab after sorafenib failure in patients with HCC. The aim of this study was to compare the effectiveness of regorafenib and nivolumab as a second‐line treatment after sorafenib failure in a real‐world setting in patients with HCC.

Patients and Methods {#hep41523-sec-0002}
====================

Study Population {#hep41523-sec-0003}
----------------

The study cohort retrospectively evaluated 436 consecutive patients with HCC who received regorafenib or nivolumab after sorafenib failure at Asan Medical Center from July 2017 to February 2019. The diagnosis of HCC was based on pathological confirmation or noninvasive assessment by dynamic computed tomography and/or magnetic resonance imaging.^(^ [^12^](#hep41523-bib-0012){ref-type="ref"} ^)^ Patients were included if they had Barcelona Clinic Liver Cancer (BCLC) stage B or C disease with documented radiologic progression during sorafenib treatment,^(^ [^3^](#hep41523-bib-0003){ref-type="ref"} ^)^ were not eligible for locoregional therapy, and had at least one measurable target lesion based on the modified Response Evaluation Criteria in Solid Tumors (mRECIST).^(^ [^13^](#hep41523-bib-0013){ref-type="ref"} ^)^ However, in this real‐world clinical study, patients with Child‐Pugh class B liver function or an Eastern Cooperative Oncology Group (ECOG) performance status of 2 were allowed. Patients were excluded if they had Child‐Pugh class C liver function (n = 7); ECOG performance status \>2 (n = 1); or had been followed up for less than 2 weeks (n = 11). In addition, 29 patients treated with regorafenib and 15 treated with nivolumab were excluded because they had participated in a clinical trial after sorafenib failure and received regorafenib or nivolumab as a third‐ or fourth‐line treatment. After excluding these 63 patients from the source population, 373 patients were analyzed; 223 of these patients had been treated with regorafenib and 150 had been treated with nivolumab.

The decision to treat with regorafenib or nivolumab after sorafenib failure was made by medical experts based on each patient's clinical situation. Treatment with the recommended dosages of regorafenib (160 mg once daily for the first 3 weeks of each 4‐week cycle) and nivolumab (3 mg/kg every 2 weeks) was continued until disease progression, severe adverse events, or death. Dosage was adjusted according to each patient's tolerability. Clinical information, including demographic characteristics, laboratory results, and clinical outcomes, was collected from electronic medical records. The patients in both groups generally underwent radiologic investigation every 2‐3 months. Additional radiologic examinations were performed when clinically indicated.

The study protocol was approved by the Institutional Review Board of Asan Medical Center, which waived the requirement for patient informed consent owing to the retrospective nature of this study.

Outcomes {#hep41523-sec-0004}
--------

Oncological outcomes analyzed in the intention to treat population included progression‐free survival (PFS), defined as the time from initiation of medication to progression or death due to any cause; time to progression (TTP), defined as the time from initiation of medication to radiologic or clinical progression; and OS, defined as the time from initiation of medication to death due to any cause. Other efficacy outcomes included objective response rate (ORR), defined as patients with complete or partial response; disease control rate (DCR), defined as patients with complete response, partial response, or stable disease; and durable clinical benefit (DCB), defined as patients with complete response, partial response, or stable disease maintained continuously for a minimum of 6 months, assessed by mRECIST.^(^ [^13^](#hep41523-bib-0013){ref-type="ref"} ^)^ Safety outcomes included treatment‐related severe adverse events that led to discontinuation of therapy, as recorded in patients' electronic medical records.

Statistical Analysis {#hep41523-sec-0005}
--------------------

Categorical variables were compared using Fisher's exact test or the chi‐square test. Continuous variables were expressed as mean and SD or median and interquartile range (IQR) and were compared using unpaired two‐tailed *t* tests. Survival curves for time‐to‐event outcomes were determined using the Kaplan‐Meier method. HRs for survival outcomes and their 95% confidence interval (CIs) were calculated using a Cox proportional hazard model or a log normal accelerated failure time model, as appropriate. Univariate and multivariable logistic regression analyses were performed to evaluate the association between clinical variables and treatment response.

Propensity score (PS) matching and inverse probability treatment weighting (IPTW) analyses were performed to minimize any selection biases and potential confounding variables. PS was calculated using logistic regression with the following variables: age, sex, concentrations of α‐fetoprotein (AFP) and protein induced by vitamin K absence or antagonist‐II (PIVKA‐II), Child‐Pugh class, ECOG performance status, BCLC stage, extent of HCC, and number of involved disease sites. For PS‐matching analysis, a nearest neighbor 1:1 matching scheme with a caliper size of 0.2 was applied. In IPTW, individuals were weighted by the inverse probability of their treatment status. Moreover, stratified analysis of the PS‐matched cohort was performed to evaluate the effectiveness of regorafenib and nivolumab in patient subgroups.

All statistical analyses were performed using R statistical software, version 3.5.0 (R Foundation Inc.; [http://cran.r‐project.org](http://cran.r-project.org)). All tests were two sided, with *P* \< 0.05 considered statistically significant.

Results {#hep41523-sec-0006}
=======

Baseline Characteristics {#hep41523-sec-0007}
------------------------

The study included 373 patients, 223 who received regorafenib and 150 who received nivolumab as second‐line treatment after sorafenib failure. The baseline demographic and clinical characteristics of the study population are shown in Table [1](#hep41523-tbl-0001){ref-type="table"}. The median concentration of albumin was significantly higher (3.5 vs. 3.4 g/dL; *P *= 0.009) whereas the median concentration of bilirubin was significantly lower (0.8 vs. 0.9 mg/dL; *P *= 0.014) in the regorafenib than in the nivolumab group. In addition, the percentages of patients with ECOG performance status ≥1 (37.2% vs. 46.7%; *P *= 0.015) and Child‐Pugh class B (26.5% vs. 37.3%; *P *= 0.034) were significantly lower and the median duration of sorafenib treatment significantly longer (2.7 vs. 1.4 months; *P *\< 0.001) in the regorafenib than in the nivolumab group. Because of these differences in baseline characteristics, PS matching was performed, resulting in 136 pairs of patients. Following PS matching, the baseline characteristics of the two groups were balanced, except that the duration of sorafenib treatment remained significantly longer in the regorafenib than in the nivolumab group (Table [1](#hep41523-tbl-0001){ref-type="table"}; Supporting Fig. [S1](#hep41523-sup-0001){ref-type="supplementary-material"}).

###### 

Baseline Characteristics of the Study Population

  Characteristics                                       Before Propensity Score Matching   After Propensity Score Matching[\*](#hep41523-note-0002){ref-type="fn"}                                                                                     
  ----------------------------------------------------- ---------------------------------- ------------------------------------------------------------------------- ------- --------- --------------------------- --------------------------- ------- ---------
  Number of patients                                    223                                150                                                                       --      --        136                         136                         --      --
  Age, mean ± SD, years                                 58.5 ± 9.4                         56.9 ± 10.0                                                               −16.5   0.116     57.1 ± 9.8                  57.6 ± 10.0                 5.5     0.652
  Male sex, n (%)                                       202 (90.6)                         125 (83.3)                                                                −21.7   0.054     118 (86.8)                  118 (86.8)                  0.0     1.000
  ECOG performance status, n (%)                                                                                                                                     28.6    0.015                                                             21.3    0.218
  0                                                     140 (62.8)                         80 (53.3)                                                                                   79 (58.1)                   78 (57.4)                           
  1                                                     83 (37.2)                          66 (44.0)                                                                                   57 (41.9)                   55 (40.4)                           
  2                                                     0 (0.0)                            4 (2.7)                                                                                     0 (0.0)                     3 (2.2)                             
  Child‐Pugh class, n (%)                                                                                                                                            23.5    0.034                                                             −4.7    0.797
  A                                                     164 (73.5)                         94 (62.7)                                                                                   89 (65.4)                   92 (67.6)                           
  B                                                     59 (26.5)                          56 (37.3)                                                                                   47 (34.6)                   44 (32.4)                           
  AFP, median (IQR), ng/mL                              354.8 (7.9, 3,669.8)               463.9 (10.3, 13,806.6)                                                    −6.9    0.551     493.5 (7.5, 4,569.4)        270.0 (8.4, 9,404.4)        −1.0    0.934
  PIVKA‐II, median (IQR), mAU/mL                        2,150.0 (128.5, 12,666.0)          1,598.0 (176.5, 12,897.5)                                                 7.0     0.507     2,241.5 (164.8, 18,656.0)   1,598.0 (171.3, 13,671.5)   1.9     0.876
  Albumin, median (IQR), g/dL                           3.5 (3.2, 3.9)                     3.4 (3.0, 3.7)                                                            −27.6   0.009     3.5 (3.0, 3.8)              3.4 (3.0, 3.8)              −12.9   0.288
  Total bilirubin, median (IQR), mg/dL                  0.8 (0.6, 1.2)                     0.9 (0.6, 1.4)                                                            24.2    0.014     0.8 (0.6, 1.2)              0.8 (0.5, 1.3)              −6.6    0.585
  Etiology, n (%)                                                                                                                                                    −17.6   0.278                                                             −17.5   0.358
  Hepatitis B                                           178 (79.8)                         125 (83.3)                                                                                  117 (86.0)                  114 (83.8)                          
  Hepatitis C                                           14 (6.3)                           4 (2.7)                                                                                     7 (5.1)                     4 (2.9)                             
  Other                                                 31 (13.9)                          21 (14.0)                                                                                   12 (8.9)                    18 (13.3)                           
  BCLC stage, n (%)                                                                                                                                                  8.5     0.584                                                             0.0     1.000
  B (intermediate)                                      13 (5.8)                           6 (4.0)                                                                                     6 (4.4)                     6 (4.4)                             
  C (advanced)                                          210 (94.2)                         144 (96.0)                                                                                  130 (95.6)                  130 (95.6)                          
  Macroscopic portal vein invasion, n (%)               77 (34.5)                          65 (43.3)                                                                 18.1    0.108     49 (36.0)                   54 (39.7)                   7.6     0.617
  Extrahepatic spread, n (%)                            197 (88.3)                         136 (90.7)                                                                7.6     0.588     126 (92.6)                  122 (89.7)                  −10.4   0.521
  Involved disease sites, n (%)                                                                                                                                                                                                                        
  Liver                                                 173 (77.6)                         124 (82.7)                                                                12.8    0.287     104 (76.5)                  111 (81.6)                  12.7    0.371
  Lung                                                  137 (61.4)                         90 (60.0)                                                                 −2.9    0.865     88 (64.7)                   78 (57.4)                   −15.1   0.263
  Number of involved disease sites per patient, n (%)                                                                                                                −9.5    0.431                                                             −10.8   0.445
  1‐2                                                   137 (61.4)                         99 (66.0)                                                                                   84 (62.5)                   92 (67.6)                           
  ≥3                                                    86 (38.6)                          51 (34.0)                                                                                   51 (37.5)                   44 (32.4)                           
  Duration of sorafenib treatment, months               2.7 (1.1, 5.4)                     1.4 (0.5, 3.4)                                                            −42.8   \<0.001   2.9 (1.2, 6.5)              1.4 (0.5, 3.5)              −49.5   \<0.001

Matching variables: age, sex, AFP concentration, PIVKA‐II concentration, Child‐Pugh class, etiology, ECOG performance status, BCLC stage, extent of HCC, and number of involved disease sites.

Abbreviations: Barcelona Clinic Liver Cancer; ECOG, Eastern Cooperative Oncology Group; IQR, interquartile range; mAU, milli‐absorbance unit; PIVKA, protein induced by vitamin K absence or antagonist‐II; SD, standard deviation.
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Oncological Outcomes {#hep41523-sec-0008}
--------------------

One patient (0.7%) in the nivolumab group but none in the regorafenib group achieved a complete response whereas 19 (12.7%) and 9 (4.0%) patients, respectively, achieved a partial response, as determined by mRECIST (Table [2](#hep41523-tbl-0002){ref-type="table"}). The ORR was significantly lower in the regorafenib than in the nivolumab group in both the entire cohort (4.0% vs. 13.3%; *P *= 0.002 by unweighted analysis and *P *\< 0.001 by IPTW analysis) and the PS‐matched cohort (3.7% vs. 14.0%; *P *= 0.005). In subgroup analysis of patients stratified by underlying Child‐Pugh classification, the ORR was significantly lower in patients with Child‐Pugh A treated with regorafenib than in those treated with nivolumab (3.7% vs. 19.1%; *P *\< 0.001 in the entire cohort and 3.4% vs. 18.5%; *P *= 0.003 in the PS‐matched cohort), but there was no between‐group difference in patients with Child‐Pugh B (Supporting Table [S1](#hep41523-sup-0001){ref-type="supplementary-material"}). DCR did not differ significantly in the regorafenib‐ and nivolumab‐treated groups before and after PS‐matching analysis. Intriguingly, the proportion of patients with DCB, defined as complete response, partial response, or stable disease maintained continuously for a minimum of 6 months, was significantly lower in the regorafenib than in the nivolumab group in the entire cohort (32.7% vs. 50.8%; *P *= 0.035 by unweighted analysis and *P *= 0.012 by IPTW analysis) (Table [2](#hep41523-tbl-0002){ref-type="table"}).

###### 

Tumor Responses in the Study Population According to mRECIST

                                                                         Regorafenib (n = 223)   Nivolumab (n = 150)   *P* value[\*](#hep41523-note-0004){ref-type="fn"}
  ---------------------------------------------------------------------- ----------------------- --------------------- ---------------------------------------------------
  Entire cohort                                                                                                        
  Best overall response                                                                                                
  Complete response                                                      0                       1 (0.7)               
  Partial response                                                       9 (4.0)                 19 (12.7)             
  Stable disease                                                         95 (42.6)               39 (26.0)             
  Progressive disease                                                    99 (44.4)               72 (48.0)             
  Not evaluable[^†^](#hep41523-note-0005){ref-type="fn"}                 20 (9.0)                19 (12.6)             
  Objective response rate[^‡^](#hep41523-note-0006){ref-type="fn"}       9 (4.0)                 20 (13.3)             0.002
  Disease control rate[^§^](#hep41523-note-0007){ref-type="fn"}          104 (46.6)              59 (39.3)             0.198
  Durable clinical benefit[^\|\|^](#hep41523-note-0008){ref-type="fn"}   34 (32.7)               30 (50.8)             0.035
                                                                         Regorafenib (n = 136)   Nivolumab (n = 136)   *P* value[\*](#hep41523-note-0004){ref-type="fn"}
  Propensity score‐matched cohort                                                                                      
  Best overall response                                                                                                
  Complete response                                                      0                       1 (0.7)               
  Partial response                                                       5 (3.7)                 18 (13.2)             
  Stable disease                                                         61 (44.9)               36 (26.5)             
  Progressive disease                                                    57 (41.9)               67 (49.3)             
  Not evaluable[^†^](#hep41523-note-0005){ref-type="fn"}                 13 (9.5)                14 (10.3)             
  Objective response rate[^‡^](#hep41523-note-0006){ref-type="fn"}       5 (3.7)                 19 (14.0)             0.005
  Disease control rate[^§^](#hep41523-note-0007){ref-type="fn"}          66 (48.5)               55 (40.4)             0.222
  Durable clinical benefit^\|\|^                                         24 (36.4)               29 (52.7)             0.105
                                                                         Regorafenib (n = 223)   Nivolumab (n = 150)   *P* value[\*](#hep41523-note-0004){ref-type="fn"}
  Entire cohort, IPTW analysis                                                                                         
  Best overall response                                                                                                
  Complete response                                                      0                       1 (0.7)               
  Partial response                                                       9 (4.0)                 19 (12.7)             
  Stable disease                                                         95 (42.6)               39 (26.0)             
  Progressive disease                                                    99 (44.4)               72 (48.0)             
  Not evaluable[^†^](#hep41523-note-0005){ref-type="fn"}                 20 (9.0)                19 (12.6)             
  Objective response rate[^‡^](#hep41523-note-0006){ref-type="fn"}       9 (4.0)                 20 (13.3)             \<0.001
  Disease control rate[^§^](#hep41523-note-0007){ref-type="fn"}          104 (46.6)              59 (39.3)             0.446
  Durable clinical benefit^\|\|^                                         34 (32.7)               30 (50.8)             0.012

By χ^2^ test or Fisher's exact test, as appropriate, for radiologic response.

Due to death without radiologic disease progression or early drug discontinuation due to a severe adverse drug reaction.

Objective response rate, defined as the proportion of patients who had complete response or partial response.

Disease control rate, defined as the proportion of patients who had complete response, partial response, or stable disease.

Durable clinical benefit, defined as the proportion of patients with complete response, partial response, or stable disease maintained continuously for a minimum of 6 months.
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During a maximum of 85.7 weeks of follow‐up, 197 patients in the regorafenib group and 123 in the nivolumab group experienced disease progression or death. Median PFS by mRECIST was 12.0 weeks (95% CI, 9.1‐13.3 weeks) in patients treated with regorafenib and 7.1 weeks (95% CI, 6.3‐10.1 weeks) in patients treated with nivolumab. PFS in the two groups did not differ significantly on univariate analysis (HR, 0.85; 95% CI, 0.69‐1.06; *P *= 0.150), multivariable analysis (HR, 0.93; 95% CI, 0.76‐1.13; *P *= 0.458), and IPTW analysis (HR, 0.94; 95% CI, 0.73‐1.21; *P *= 0.621) (Table [3](#hep41523-tbl-0003){ref-type="table"}; Fig. [1](#hep41523-fig-0001){ref-type="fig"}). Univariate analysis showed no significant differences in TTP (12.1 vs. 7.9 weeks; HR, 0.95; 95% CI, 0.77‐1.19; *P *= 0.680) (Table [3](#hep41523-tbl-0003){ref-type="table"}; Fig. [1](#hep41523-fig-0001){ref-type="fig"}) and OS (30.9 vs. 32.6 weeks; HR, 0.83; 95% CI, 0.64‐1.07; *P *= 0.154) between the regorafenib and nivolumab groups, results also observed by multivariable and IPTW analyses (Table [3](#hep41523-tbl-0003){ref-type="table"}; Fig. [1](#hep41523-fig-0001){ref-type="fig"}; Supporting Fig. [S2](#hep41523-sup-0001){ref-type="supplementary-material"}). In the PS‐matched cohort of 136 pairs, PFS (12.6 vs. 7.1 weeks; HR, 0.83; 95% CI, 0.64‐1.08; *P *= 0.170), TTP (13.1 vs. 7.6 weeks; HR, 0.88; 95% CI, 0.68‐1.14; *P *= 0.330), and OS (31.3 vs. 37.1 weeks; HR 0.94; 95% CI, 0.68‐1.30; *P *= 0.710) (Table [3](#hep41523-tbl-0003){ref-type="table"}; Fig. [1](#hep41523-fig-0001){ref-type="fig"}) were comparable between the two groups. Subgroup analysis of the PS‐matched cohort showed that PFS was comparable in all subgroups of the regorafenib and nivolumab groups (Fig. [2](#hep41523-fig-0002){ref-type="fig"}).

###### 

Survival Outcomes of the Study Population

  Outcome                                 Median time (95% CI), weeks   HR (95% CI)[\*](#hep41523-note-0009){ref-type="fn"}   *P* value                                             
  --------------------------------------- ----------------------------- ----------------------------------------------------- ----------------------------------------------------- -----------
  Entire Cohort, Univariate                                                                                                                                                         
  Progression‐free survival               12.0 (9.1‐13.3)               7.1 (6.3‐10.1)                                        0.85 (0.69‐1.06)                                      0.150
  Time to progression                     12.1 (10.6‐14.6)              7.9 (7.0‐15.3)                                        0.95 (0.77‐1.19)                                      0.680
  Overall survival                        30.9 (28.9‐35.6)              32.6 (21.7‐42.9)                                      0.83 (0.64‐1.07)                                      0.154
  Outcome                                 Regorafenib (n = 223)         Nivolumab (n = 150)                                   HR (95% CI)[\*](#hep41523-note-0009){ref-type="fn"}   *P* value
  Entire cohort, multivariable adjusted                                                                                                                                             
  Progression‐free survival               --                            --                                                    0.93 (0.76‐1.13)                                      0.458
  Time to progression                     --                            --                                                    0.96 (0.78‐1.19)                                      0.699
  Overall survival                        --                            --                                                    1.03 (0.83‐1.27)                                      0.809
  Outcome                                 Regorafenib (n = 223)         Nivolumab (n = 150)                                   HR (95% CI)[\*](#hep41523-note-0009){ref-type="fn"}   *P* value
  Entire cohort, IPTW analysis                                                                                                                                                      
  Progression‐free survival               --                            --                                                    0.94 (0.73‐1.21)                                      0.621
  Time to progression                     --                            --                                                    0.90 (0.69‐1.18)                                      0.451
  Overall survival                        --                            --                                                    0.82 (0.62‐1.08)                                      0.149
  Outcome                                 Regorafenib (n = 136)         Nivolumab (n = 136)                                   HR (95% CI)[\*](#hep41523-note-0009){ref-type="fn"}   *P* value
  Propensity score‐matched cohort                                                                                                                                                   
  Progression‐free survival               12.6 (10.6‐15.7)              7.1 (6.1‐11.1)                                        0.83 (0.64‐1.08)                                      0.170
  Time to progression                     13.1 (11.0‐17.1)              7.6 (6.7‐14.9)                                        0.88 (0.68‐1.14)                                      0.330
  Overall survival                        31.3 (24.6‐42.0)              37.1 (22.4‐49.0)                                      0.94 (0.68‐1.30)                                      0.710

Log normal accelerated failure time model for the nivolumab group with the regorafenib group as a reference.

Abbreviations: CI, confidence interval; HR, hazard ratio.
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![Kaplan‐Meier analyses of survival outcomes in patients treated with regorafenib and nivolumab. (A,B) PFS of patients treated with regorafenib and nivolumab in (A) the entire cohort (HR, 0.85; 95% CI, 0.69‐1.06; *P *= 0.150) and (B) the PS‐matched cohort (HR, 0.83; 95% CI, 0.64‐1.08; *P *= 0.170). (C,D) TTP of patients treated with regorafenib and nivolumab in (C) the entire cohort (HR, 0.95; 95% CI, 0.77‐1.19; *P *= 0.680) and (D) the PS‐matched cohort (HR, 0.88; 95% CI, 0.68‐1.14; *P *= 0.330). (E,F) OS of patients treated with regorafenib and nivolumab in (E) the entire cohort (HR, 0.83; 95% CI, 0.64‐1.07; *P *= 0.154) and (F) the PS‐matched cohort (HR, 0.94; 95% CI, 0.68‐1.30; *P *= 0.710).](HEP4-4-1073-g001){#hep41523-fig-0001}

![Forest plot of PFS in subgroups of the PS‐matched cohort.](HEP4-4-1073-g002){#hep41523-fig-0002}

The rate of dose reductions due to intolerance was much higher in the regorafenib group than in the nivolumab group (75 \[33.6%\] vs. 5 \[3.3%\]). Moreover, the rate of toxicity‐related discontinuation was significantly higher in the regorafenib than in the nivolumab group (15 \[6.7%\] vs. 3 \[2.0%\]). Of the 15 patients who discontinued in the regorafenib group, 5 discontinued because of severe nausea and vomiting; 3 because of fatigue and hand/foot skin reaction; and 1 because of abdominal pain, limb edema, interstitial pneumonia, and a cerebrovascular event. Of the 3 patients who discontinued in the nivolumab group, 2 discontinued because of pneumonitis and 1 because of hepatitis.

Subcohort Analyses of Nonprogressors {#hep41523-sec-0009}
------------------------------------

As there were more patients with DCB in the nivolumab than in the regorafenib group, subgroup analysis was performed in nonprogressors to treatment, defined as those who achieved complete response, partial response, or stable disease after first response evaluation. The baseline characteristics of these two subgroups were generally well balanced, except for the duration of sorafenib treatment (Table [4](#hep41523-tbl-0004){ref-type="table"}).

###### 

Baseline Characteristics of the Subcohort of Nonprogressors to Treatment

  Characteristics                                       Nonprogressors to Treatment                                   
  ----------------------------------------------------- ----------------------------- ----------------------- ------- -------
  Number of patients                                    104                           59                      --      --
  Age, mean ± SD, years                                 58.6 ± 9.7                    58.4 ± 9.8              −2.3    0.889
  Male sex, n (%)                                       94 (90.4)                     48 (81.4)               −26.1   0.158
  ECOG performance status, n (%)                                                                              14.6    0.474
  0                                                     79 (76.0)                     41 (69.5)                       
  1                                                     25 (24.0)                     18 (30.5)                       
  Child‐Pugh class, n (%)                                                                                     9.4     0.707
  A                                                     85 (81.7)                     46 (78.0)                       
  B                                                     19 (18.3)                     13 (22.0)                       
  AFP, median (IQR), ng/mL                              103.1 (5.8, 1,283.3)          162.8 (5.2, 2,768.7)    19.9    0.207
  PIVKA‐II, median (IQR), mAU/mL                        1,047.5 (98.3, 8,680.8)       880.0 (64.0, 4,831.5)   −17.2   0.311
  Albumin, median (IQR), g/dL                           3.6 (3.4, 3.9)                3.5 (3.0, 3.9)          −23.6   0.145
  Total bilirubin, median (IQR), mg/dL                  0.7 (0.6, 1.0)                0.7 (0.5, 1.1)          7.5     0.646
  Etiology, n (%)                                                                                             13.2    0.715
  Hepatitis B                                           88 (84.6)                     47 (79.7)                       
  Hepatitis C                                           3 (2.9)                       2 (3.4)                         
  Other                                                 13 (12.5)                     10 (16.9)                       
  BCLC stage, n (%)                                                                                           −8.4    0.863
  B (intermediate)                                      5 (4.8)                       4 (6.8)                         
  C (advanced)                                          99 (95.2)                     55 (93.2)                       
  Macroscopic portal vein invasion, n (%)               25 (24.0)                     17 (28.8)               10.8    0.629
  Extrahepatic spread, n (%)                            92 (88.5)                     52 (88.1)               −1.0    1.000
  Involved disease sites, n (%)                                                                                       
  Liver                                                 70 (67.3)                     41 (69.5)               4.7     0.910
  Lung                                                  60 (57.7)                     30 (50.8)               −13.8   0.496
  Number of involved disease sites per patient, n (%)                                                         −22.1   0.250
  1‐2                                                   69 (66.3)                     45 (76.3)                       
  ≥3                                                    35 (33.7)                     14 (23.7)                       
  Duration of sorafenib treatment, months               3.2 (1.4, 6.9)                2.3 (0.6, 3.7)          −46.8   0.003

Matching variables: age, sex, AFP concentration, PIVKA‐II concentration, Child‐Pugh class, etiology, ECOG performance status, BCLC stage, extent of HCC, and number of involved disease sites.

Abbreviations: Barcelona Clinic Liver Cancer; ECOG, Eastern Cooperative Oncology Group; IQR, interquartile range; mAU, milli‐absorbance unit; PIVKA, protein induced by vitamin K absence or antagonist‐II; SD, standard deviation.

John Wiley & Sons, Ltd

Median PFS in nonprogressors was longer in those treated with nivolumab than with regorafenib (35.6 vs. 21.7 weeks), with significant between‐group differences observed on univariate (HR, 0.50; 95% CI, 0.33‐0.75; *P *= 0.001), multivariable (HR, 0.44; 95% CI, 0.28‐0.69; *P *\< 0.001), and IPTW (HR, 0.60; 95% CI, 0.40‐0.91; *P *= 0.016) analyses. Univariate analyses showed that median TTP (HR, 0.48; 95% CI, 0.31‐0.73; *P *\< 0.001) and OS (HR, 0.51; 95% CI, 0.31‐0.87; *P *= 0.013) in this subcohort were significantly longer in patients treated with nivolumab than with regorafenib, with similar results observed on multivariable‐adjusted and IPTW analyses (Table [5](#hep41523-tbl-0005){ref-type="table"}; Fig. [3](#hep41523-fig-0003){ref-type="fig"}; Supporting Fig. [S3](#hep41523-sup-0001){ref-type="supplementary-material"}).

###### 

Survival Outcomes in Nonprogressors to Treatment

  Outcome                             Median time (95% CI), weeks   HR (95% CI)[\*](#hep41523-note-0012){ref-type="fn"}   *P* value          
  ----------------------------------- ----------------------------- ----------------------------------------------------- ------------------ ---------
  Subcohort, univariate                                                                                                                      
  Progression‐free survival           21.7 (18.3‐25.4)              35.6 (22.4‐NA)                                        0.50 (0.33‐0.75)   0.001
  Time to progression                 21.7 (18.3‐25.4)              35.6 (22.6‐NA)                                        0.48 (0.31‐0.73)   \<0.001
  Overall survival                    48.6 (41.1‐NA)                83.3 (61.3‐NA)                                        0.51 (0.31‐0.87)   0.013
  Subcohort, multivariable adjusted                                                                                                          
  Progression‐free survival           --                            --                                                    0.44 (0.28‐0.69)   \<0.001
  Time to progression                 --                            --                                                    0.43 (0.28‐0.68)   \<0.001
  Overall survival                    --                            --                                                    0.43 (0.25‐0.75)   0.003
  Subcohort, IPTW analysis                                                                                                                   
  Progression‐free survival           --                            --                                                    0.60 (0.40‐0.91)   0.016
  Time to progression                 --                            --                                                    0.59 (0.39‐0.90)   0.014
  Overall survival                    --                            --                                                    0.48 (0.29‐0.80)   0.005

Cox proportional hazards regression model for the nivolumab group with the regorafenib group as a reference.

Abbreviations: CI, confidence interval; HR, hazard ratio; NA, not applicable.

John Wiley & Sons, Ltd

![Kaplan‐Meier analyses of survival outcomes in nonprogressors to treatment with regorafenib and nivolumab before PS matching. (A) PFS (HR, 0.50; 95% CI, 0.33‐0.75; *P *= 0.001). (B) TTP (HR, 0.48; 95% CI, 0.31‐0.73; *P *\< 0.005). (C) OS (HR, 0.51; 95% CI, 0.31‐0.87; *P *= 0.013).](HEP4-4-1073-g003){#hep41523-fig-0003}

Predictive Factors for Treatment Response {#hep41523-sec-0010}
-----------------------------------------

To find predictive factors of treatment responses to each drug, we compared the baseline characteristics of nonprogressors and progressors in both the regorafenib and nivolumab groups (Supporting Table [S2](#hep41523-sup-0001){ref-type="supplementary-material"}). In both groups, patients with poor performance status (ECOG performance status, 1‐2 vs. 0), advanced liver disease (Child‐Pugh class, B vs. A), high levels of tumor marker and bilirubin, low levels of albumin, presence of portal vein invasion, liver involvement of HCC, and higher numbers of involved disease sites (≥3 vs. 1‐2) were poorly responsive to each treatment. Moreover, in the regorafenib group, the treatment response was lower in patients with a shorter duration of previous sorafenib treatment (Supporting Tables [S2](#hep41523-sup-0001){ref-type="supplementary-material"} and S3). However, in multivariable analyses, none of those factors were predictive of treatment responses to each drug except poor ECOG performance status in the regorafenib group.

Discussion {#hep41523-sec-0011}
==========

To our knowledge, this study is the first to compare oncological outcomes of second‐line regorafenib and nivolumab in patients who experienced disease progression during sorafenib treatment. Unadjusted, multivariable‐adjusted, PS‐matched, and IPTW analyses all showed that there were no statistically significant between‐group differences in PFS, TTP, and OS. However, nivolumab showed statistically meaningful improvements in the ORR (including 1 patient who achieved a complete response) and DCB compared with regorafenib. This led to subcohort analyses of nonprogressors to treatment, defined as those who achieved a complete response, partial response, or stable disease after first‐response evaluation. In this subcohort, nivolumab significantly improved all oncological outcomes, including PFS, TTP, and OS, compared with regorafenib following application of the same robust statistical methods.

In our study, the median PFS and OS of patients treated with regorafenib were 12.0 and 30.9 weeks, respectively. These durations were much shorter than the median PFS (3.2 months) and OS (10.6 months) of patients with HCC treated with regorafenib in the phase 3 Regorafenib for Patients With Hepatocellular Carcinoma Who Progressed on Sorafenib Treatment (RESORCE) trial.^(^ [^10^](#hep41523-bib-0010){ref-type="ref"} ^)^ The ORR of patients treated with regorafenib in our study (4.0%) was also much lower than that observed in the RESORCE trial (11.0%).^(^ [^10^](#hep41523-bib-0010){ref-type="ref"} ^)^ Moreover, the ORR and DCR observed in patients treated with nivolumab in our study were 13.3% and 39.3%, respectively, lower than that observed in previous phase 1/2 trials.^(^ [^11^](#hep41523-bib-0011){ref-type="ref"}, [^14^](#hep41523-bib-0014){ref-type="ref"} ^)^ The differences in oncological outcomes between our study and these previous trials were likely due to differences in baseline patient characteristics. Previous trials of nivolumab and regorafenib included small proportions of patients with Child‐Pugh class B or only patients with Child‐Pugh class A and ECOG performance status 0 or 1, whereas our study included a larger proportion of patients with Child‐Pugh class B (29.5%) and ECOG performance status 2, reflecting real‐world data. Moreover, the patients included in our study had more extensive lesions, including a higher proportion of patients with macroscopic vascular invasion and extrahepatic spread, than patients in previous clinical trials. The response rates and survival outcomes observed in our study were similar to those reported in real‐world studies assessing the effectiveness of regorafenib or nivolumab.^(^ [^15^](#hep41523-bib-0015){ref-type="ref"}, [^16^](#hep41523-bib-0016){ref-type="ref"}, [^17^](#hep41523-bib-0017){ref-type="ref"}, [^18^](#hep41523-bib-0018){ref-type="ref"} ^)^

The pathway involving PD‐1 and programmed death‐ligand 1 (PD‐L1) is an important mechanism of tumor‐induced immune tolerance. PD‐1 expression on effector phase cluster of differentiation (CD)8+ T cells has been reported to be greater in patients with HCC than in patients with cirrhosis and healthy controls.^(^ [^19^](#hep41523-bib-0019){ref-type="ref"}, [^20^](#hep41523-bib-0020){ref-type="ref"} ^)^ In addition to cancer cells, PD‐L1 is highly expressed on peritumoral stromal cells, including Kupffer cells, hepatic stellate cells, and liver sinusoidal endothelial cells, resulting in the activation of the PD‐L1/PD‐1 pathway and the inhibition of antitumor T‐cell responses.^(^ [^21^](#hep41523-bib-0021){ref-type="ref"}, [^22^](#hep41523-bib-0022){ref-type="ref"}, [^23^](#hep41523-bib-0023){ref-type="ref"} ^)^ These findings strongly support the use of PD‐1 and PD‐L1 inhibitors for the treatment of HCC. The phase 3 studies with nivolumab and permbrolizumab (as a first‐ and second‐line treatment for advanced HCC, respectively) yielded negative results. However, the results of both trials showed a clear trend toward improvement in oncological outcomes. In [KEYNOTE‐240](https://clinicaltrials.gov/ct2/show/results/NCT02702401), pembrolizumab improved OS (HR, 0.78; one‐sided *P *= 0.024) and PFS (HR, 0.78; one‐sided *P *= 0.021) versus placebo. The ORR was 16.9%, which is higher than in our study.^(^ [^24^](#hep41523-bib-0024){ref-type="ref"} ^)^ In [CheckMate‐459](https://clinicaltrials.gov/ct2/show/NCT02576509), nivolumab treatment showed a trend toward improvement in OS (HR, 0.85; 95% CI, 0.71‐1.02; *P *= 0.075).^(^ [^25^](#hep41523-bib-0025){ref-type="ref"} ^)^ Thus, when both trials are examined in detail, it seems premature to consider immune checkpoint inhibitors for the treatment of HCC as a failure; indeed, immune checkpoint inhibitors still appear to be effective for the treatment of advanced HCC.

However, driver oncogenes have not yet been accurately identified in HCC or used for the development of targeted therapy of this disease. Targeted agents currently used in patients with HCC, such as sorafenib, regorafenib, and lenvatinib, are multikinase inhibitors, which have lower response rates and higher therapeutic resistance than targeted therapy agents in other cancers.^(^ [^26^](#hep41523-bib-0026){ref-type="ref"} ^)^ Thus, targeted therapy of HCC may initially induce a higher rate of response with early improvements in survival curves than nivolumab, but most responses are short lived due to the emergence of therapeutic resistance, resulting in unclear long‐term survival benefits. By contrast, treatment with immune checkpoint inhibitors, such as nivolumab, results in tumor responses in a lower percentage of patients, but these responses are highly durable, resulting in longer term benefits.^(^ [^27^](#hep41523-bib-0027){ref-type="ref"} ^)^ Consistent with this, survival outcomes were significantly higher in nonprogressors to treatment with nivolumab than in nonprogressors to treatment with regorafenib. One patient in the nivolumab group but none of the patients in the regorafenib group achieved a complete response. Moreover, the proportion of patients with DCB, defined as a therapeutic effect lasting for at least 6 months, was higher in the nivolumab than in the regorafenib group. These results explain why the PFS, TTP, and OS curves of the regorafenib and nivolumab groups crossed over in our study. Moreover, this phenomenon has been confirmed in other types of cancer.^(^ [^28^](#hep41523-bib-0028){ref-type="ref"}, [^29^](#hep41523-bib-0029){ref-type="ref"}, [^30^](#hep41523-bib-0030){ref-type="ref"}, [^31^](#hep41523-bib-0031){ref-type="ref"}, [^32^](#hep41523-bib-0032){ref-type="ref"} ^)^

Our finding, that nivolumab showed better survival outcomes than regorafenib when progressors to each were excluded, suggests that initial second‐line treatment with nivolumab may be a good strategy to the predicted nonprogressors. The better tolerability and safety profile of nivolumab than of regorafenib observed in this study further support this strategy. However, no baseline clinical markers predictive of treatment response to nivolumab were identified in our study. PD‐L1 expression is an established predictor of responses to immune checkpoint inhibitors in other types of solid tumors. In HCC, the combined positive score, calculated by dividing the number of PD‐L1‐positive cells by the total number of viable tumor cells and multiplying by 100, was predictive of a response to prembrolizumab in a previous trial.^(^ [^33^](#hep41523-bib-0033){ref-type="ref"} ^)^ However, because the association between the combined positive score and tumor response in HCC was based on a retrospective evaluation in a small subset of patients, further studies in larger populations are warranted.

This study had several limitations. First, it was a retrospective observational study, a design with inherent limitations, including bias and confounding. Although multiple statistical strategies, including multivariable adjustment, PS matching, and IPTW analyses, were employed to rigorously adjust for between‐group differences in baseline characteristics, the duration of previous sorafenib treatment remained longer in the regorafenib than the nivolumab group, even after PS matching. This resulted from the current guidance,^(^ [^34^](#hep41523-bib-0034){ref-type="ref"} ^)^ which recommends regorafenib for patients who tolerate sorafenib treatment well and nivolumab for patients who are intolerant to or progress rapidly under sorafenib treatment. However, a previous study demonstrated that the longer the duration of prior sorafenib, the longer the duration of time to progression on regorafenib.^(^ [^35^](#hep41523-bib-0035){ref-type="ref"} ^)^ Moreover, liver function and performance status were worse in patients treated with nivolumab than with regorafenib, making it unlikely that the possible selection bias in our study worked unfavorably against regorafenib to change the conclusion. Despite this limitation, the findings of this retrospective cohort study in a real‐world setting are likely valuable in suggesting the design of future prospective studies comparing these two agents. A second limitation of this study was the inclusion of only patients at a single center, which limits the ability to draw general conclusions from the results. Most of the included patients were Asian, with HCC in most cases caused by hepatitis B virus infection, which may be associated with poor prognosis.^(^ [^36^](#hep41523-bib-0036){ref-type="ref"} ^)^ No previous study, however, has shown that etiology or ethnicity affects the efficacy of regorafenib or nivolumab treatment.^(^ [^10^](#hep41523-bib-0010){ref-type="ref"}, [^14^](#hep41523-bib-0014){ref-type="ref"} ^)^ Further studies on other ethnicities or etiologies are warranted to replicate these results. Finally, because the data in this study were collected retrospectively from electronic medical records, only side effects leading to drug discontinuation or dose reduction were compared. Mild side effects, however, were not identified or compared in the two groups.

The present study is the first to compare the effectiveness of regorafenib and nivolumab, approved as second‐line treatment for HCC, in real‐world patients after sorafenib failure. Although the ORR was higher in the nivolumab group than in the regorafenib group, there were no between‐group differences in survival outcomes. In nonprogressors to treatment, nivolumab showed significant improvements in survival outcomes when compared with regorafenib, suggesting that nivolumab may be a better option for nonprogressors to treatment. Further studies predicting treatment response to nivolumab are warranted to increase the clinical significance of our results. Moreover, because this was a retrospective study, randomized controlled trials comparing the efficacies of nivolumab and regorafenib are needed to confirm our findings.
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